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Abstract

Background: Youth have reported
worsening mental health during the
COVID-19 pandemic. We sought to
evaluate rates of pediatric acute care
visits for self-harm during the pandemic
according to age, sex and mental health
service use.

Methods: We conducted a population-
based, repeated cross-sectional study
using linked health administrative data
sets to measure monthly rates of emer-
gency department visits and hospital
admissions for self-harm among youth
aged 10-17 years between Jan. 1, 2017,
and June 30, 2022, in Ontario, Canada.
We modelled expected rates of acute care
visits for self-harm after the pandemic

onset based on prepandemic rates. We
reported relative differences between
observed and expected monthly rates
overall and by age group (10-13 yr and
14-17 yr), sex and mental health service
use (new and continuing).

Results: In this population of about
1.3 million children and adolescents, rates
of acute care visits for self-harm during
the pandemic were higher than expected
for emergency department visits
(0.27/1000 population v. 0.21/1000 popu-
lation; adjusted rate ratio [RR] 1.29, 95%
confidence interval [CI] 1.19-1.39) and
hospital admissions (0.74/10000 popula-
tion v. 0.43/10000 population, adjusted
RR 1.72, 95% Cl 1.46-2.03). This increase

was primarily observed among females.
Rates of emergency department visits and
hospital admissions for self-harm were
higher than expected for both those aged
10-13 years and those aged 14-17 years,
as well as for both those new to the men-
tal health system and those already
engaged in care.

Interpretation: Rates of acute care visits
for self-harm among children and ado-
lescents were higher than expected dur-
ing the first 2 and a half years of the
COVID-19 pandemic, particularly among
females. These findings support the
need for accessible and intensive pre-
vention efforts and mental health sup-
ports in this population.

Self-harm among children and adolescents is a serious public
health concern. A growing body of evidence, including from sys-
tematic reviews, suggests that during the COVID-19 pandemic,
youth have reported higher levels of distress, increased symptoms
of anxiety and depression’* and greater use of mental health ser-
vices,® although data on whether this led to higher rates of self-
harm (defined as the “intentional self-poisoning or self-injury,
irrespective of type of motive or the extent of suicidal intent™) in
acute settings has varied.” In the early months of the pandemic,
national surveillance data of emergency department visits for sus-
pected suicide attempts among youth in the United States
showed an initial reduction in visits followed by a sustained

increase through to 2021.% Data from Ontario, Canada, however,
showed a sustained decline in emergency department visits for
self-harm among youth aged 14-24 years, through to June 2021.°
Recent meta-analyses of the later months of the pandemic,
including predominantly high-income countries, showed a
mounting trend in suicide-related behaviours among youth in
the emergency department setting.?>!

Self-harm is a contemporaneous and objective indicator of
child and adolescent mental health problems. It is more com-
mon than suicide and, therefore, leads to more reliable esti-
mates of population trends; it is also a well-established predictor
of suicide attempts among youth.? When a child or adolescent
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presents acutely with self-harm, particularly as a first point of
contact with health services, there is an important opportunity
to engage them in timely and effective mental health care to
mitigate suicide risk.

The interventions used for self-harm among children and ado-
lescents in the acute setting, however, will vary according to the
needs of the patient population. For example, during the pan-
demic, studies from several countries reported worsening men-
tal health and increased mental health service use among ado-
lescent females but not males.?>!317 Middle schoolers (aged
10-13 yr) may have been particularly negatively affected by the
pandemic.'®® Middle school years are marked by factors that
may make this group more susceptible to the deleterious effects
of pandemic restrictions, such as extensive brain and cognitive
development,'® immature impulse control,? high relative import-
ance of peers? and a steep rise in the prevalence of symptoms of
mental health disorders,?? including the onset of self-harm.5
Youth who used the emergency department as a first point of
contact for mental health care during the pandemic, particularly
for self-harm, are another group with a distinct profile of mental
health needs.

Understanding the patterns of pediatric self-harm during the
pandemic among the early adolescent age group or according to
history of mental health service use is essential to adapt mental
health services to match need, allocate appropriate resources
and develop targeted self-harm interventions and suicide pre-
vention strategies. We sought to model expected rates of emer-
gency department visits and hospital admissions for self-harm
among children and adolescents during the COVID-19 pandemic,
and to compare the observed and expected rates overall and by
age, sex and mental health service use.

Methods

Study design and data sources

We conducted a population-based, repeated cross-sectional
study of data from Ontario between Jan. 1, 2017, and June 30,
2022. In Ontario, physician visits, emergency department visits
and hospital admissions are publicly funded. During the COVID-
19 pandemic, Ontario had 3 province-wide emergency closures
of schools, recreational programs, theatres, bars and restaurants
and nonessential businesses (Mar. 17-July 24, 2020, Jan. 14-
Feb. 19, 2021, and Apr. 8-June 9, 2021).2* School closures
occurred March to June 2020, January to February 2021 (with
periodic partial reopenings), April to June 2021 and in Janu-
ary 2022. For the 2021-2022 school year, families could choose
in-person or remote learning.?

We used health administrative databases available at ICES, an
independent nonprofit research institute whose legal status under
Ontario’s health information privacy law allows it to collect and
analyze health care and demographic data, without consent, for
health system evaluation and improvement (Appendix 1, eTable 1,
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.230127/tab
-related-content). We used the Registered Persons Database
(RPDB),?* the Ontario Health Insurance Plan (OHIP) database,”” the
Canadian Institute for Health Information’s National Ambulatory

Care Reporting System,?® the Discharge Abstract Database? and
the Ontario Mental Health Reporting System.*® Data held at ICES
are complete and valid for primary discharge diagnoses, physician
billing claims and sociodemographics.?83! These data sets were
linked using unique encoded identifiers and analyzed at ICES. We
followed the relevant reporting guidelines, such as the Reporting
of Studies Conducted Using Observational Routinely Collected
health data (RECORD) statement.3?3

Study population
We included all children and adolescents aged 10-17 years resid-
ing in Ontario, Canada, and eligible for provincial health insur-
ance on Jan. 1 of each year from 2017 to 2022. We excluded
those with missing information for age and sex, non-Ontario resi-
dents and those not eligible for provincial insurance within
90 days of Jan. 1 of each year (Appendix 1, eTable 2). Using the
RPDB, we identified each individual’s sex based on their health
card (i.e., we were not able to identify gender). Henceforth, those
identified as female on their health card will be referred to as
females, and those identified as male will be referred to as males.
We identified youth as either new to mental health care,
defined as those with no previous acute or outpatient mental
health claims within 2 years before their monthly acute care pre-
sentation for self-harm (i.e., index date), or as continuing mental
health care, defined as those with any acute or outpatient claim
related to mental health (including but not limited to self-harm) in
the 2 years before the index date. Outpatient mental health claims
refer to physician billings associated with diagnostic codes that
have been validated for use in Ontario health administrative
data.?”** Acute claims refer to broadly categorized diagnostic
codes (F06-F99) from the Canadian version of the International
Classification of Diseases, 10th Revision (ICD-10-CA)*® associated
with hospital admissions and emergency department records, also
used for performance measurement of the mental health system
across Canada.*® We chose the 2-year period based on standards
of clinical practice in Ontario (e.g., a consultation service to a
patient by a specialist for the same diagnosis is eligible for pay-
ment only once every 2 years).*” If an individual was new to mental
health care for 1 month and had self-harm visits in subsequent
months, they would join the continuing mental health care group.

Identification of self-harm
We identified emergency department visits or hospital admissions
for self-harm, defined by a discharge diagnosis of an ICD-10-CA diag-
nostic code for intentional self-harm (X60-X84, Y10-Y19 or Y28).
These codes are used by the province of Ontario® (and other prov-
inces such as Manitoba®), the Public Health Agency of Canada,*
Statistics Canada,* the Centers for Disease Control and Prevention*
and the World Health Organization® for injury surveillance and have
been validated in a study using physician diagnoses from emer-
gency department visits (positive predictive value > 89.8%).* We
considered hospital admission as an indicator of self-harm severity.
We expressed monthly rates of emergency department visits
and hospital admissions per 1000 or 10000, respectively, of
the Ontario population aged 10-17 years as of Jan. 1 of the cor-
responding study year (2017-2022). We calculated rates overall
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and by sex (male and female), age group (10-13 yr and 14-17 yr)
and mental health service use (new and continuing). We grouped
age into these 2 categories in keeping with the call to avoid com-
bining pediatric age groups when making pandemic recommenda-
tions.'®* We calculated the number of unique youth with at least
1 visit for self-harm each month for emergency department visits
and for hospital admissions, separately. We calculated monthly
rates by including 1 visit per calendar month per individual. If an
emergency department visit resulted in a hospital admission, we
counted both an emergency department visit and an admission.

Covariates

We defined rurality using the definition from the Statistics Canada
Postal Code Conversion File (version 2016)* (community size
<10000). We obtained neighbourhood income quintile by linking
this file with Census data.*

Statistical analysis

We used Poisson generalized estimating equations for count
data to model pre-COVID-19 trends and estimated expected
rates of emergency department visits and hospital admissions
for self-harm during the pandemic period in the absence of
restrictions, overall and by sociodemographic strata. The unit of
analysis was age group-sex-month stratum. Full details of the
modelling approach are in Appendix 1. We defined the pre-
pandemic period as Jan. 1, 2017, to Feb. 28,2020, and the COVID-19
pandemic as Mar. 1, 2020, to June 30, 2022. We calculated esti-
mates of the relative change in post-onset event rates as an
adjusted rate ratio (RR) of observed to expected rates and 95%
confidence intervals (Cls) overall (as per our previous work>#7#
and outlined in Appendix 1), as well as by sex, age group and
mental health service use.

We conducted 2 sensitivity analyses. The first used prepan-
demic data from Jan. 1, 2013, until Feb. 28, 2020, and the second
restricted data to the first emergency department visit or hospi-
tal admission during the study period for all youth. We per-
formed analyses using SAS version 9.4 (SAS Institute).

Ethics approval

The use of these data was authorized under section 45 of Ontario’s
Personal Health Information Protection Act, which does not require
review by a Research Ethics Board.

Results

Around 1.3 million children and adolescents aged 10-17 years living
in Ontario were included in the annual population denominator,
and demographics remained stable over the study period
(Appendix 1, eTable 2 and eTable 3). Females constituted 48.7% of
the population and the mean age was 13.5 (standard deviation
2.3) years. Ninety percent were living in urban areas, with propor-
tions ranging from 18% to 23% across the 5 neighbourhood income
quintiles. Figure 1 shows the observed and expected monthly rates
of emergency department visits and hospital admissions for self-
harm. Overall, the expected monthly rate of emergency department
visits after the pandemic onset was 0.21 per 1000 population and

the observed rate was 0.27 per 1000 population (adjusted RR 1.29,
95% Cl 1.19-1.39) (Figure 1A and Appendix 1, eTable 4). Rates of hos-
pital admission for self-harm were also higher than expected
(0.74/10000 observed v. 0.43/10000 expected; adjusted RR 1.72,
95% Cl 1.46-2.03) (Figure 1B and Appendix 1, eTable 4). The monthly
rates of emergency department visits and hospital admissions
remained higher than expected from January 2021 and July 2020,
respectively, until June 2022 (Figure 1 and Appendix 1, eTable 4).

Age and sex

Rates of emergency department visits were higher than
expected among females (0.48/1000 observed v. 0.35/1000
expected; adjusted RR 1.37, 95% ClI 1.25-1.49) but not males
(0.08/1000 observed v. 0.08/1000 expected; adjusted RR 0.99,
95% Cl 0.88-1.11) (Figure 2A and Appendix 1, eTable 5). Rates
of hospital admission were higher than expected among
females (1.31/10 000 observed v. 0.73/10 000 expected;
adjusted RR 1.80, 95% Cl 1.48-2.18) and males (0.20/10 000
observed v. 0.15/10 000 expected; adjusted RR 1.34, 95% CI
1.19-1.50) (Figure 3A and Appendix 1, eTable 5).

Absolute rates of emergency department visits and hospital
admissions were lower among youth aged 10-13 years than
among those aged 14-17 years, although the relative increases in
rates during the pandemic were highest in the younger group
(Figure 2B, Figure 3B and Appendix 1, eTable 6).

Females aged 10-13 years had the largest relative increase in
emergency department visits and hospital admissions during the
pandemic (Figure 4, Figure 5 and Appendix 1, eTable 7).

New or continuing mental health service use

Among youth with new mental health service use, rates of
emergency department visits (0.05/1000 observed v. 0.04/1000
expected; adjusted RR 1.35, 95% CI 1.16-1.57) and hospital
admissions for self-harm were greater than expected during
the pandemic (0.15/10 000 observed v. 0.07/10000 expected;
adjusted RR 2.02, 95% CI 1.58-2.59) (Figure 2C, Figure 3C and
Appendix 1, eTable 8). Rates of emergency department visits
and hospital admissions for self-harm were also greater than
expected among youth with continuing mental health service
use (0.22/1000 observed v. 0.18/1000 expected; adjusted RR
1.27,95% Cl 1.17-1.38; and 0.60/10 000 observed v. 0.36/10 000
expected; adjusted RR 1.65, 95% Cl 1.32-2.07, respectively)
(Figure 2C, Figure 3C and Appendix 1, eTable 8). Figure 4 and
Figure 5 show the RRs of emergency department visits and
hospital admissions for self-harm by any, new or continuing
mental health care according to age group and sex.

Rurality and income quintiles

Across both urban and rural areas and high- and low-income
neighbourhoods, youth had higher than expected rates of emer-
gency department visits and hospital admissions for self-harm
(Appendix 1, eTable 9 and eTable 10). The largest relative
increase in emergency department visits occurred among youth
living in urban areas (adjusted RR 1.30, 95% Cl| 1.18-1.42) and
among those living in neighbourhoods of highest income quintile
(adjusted RR 1.49, 95% Cl 1.30-1.70). The largest relative increase
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in hospital admissions occurred among youth living in rural areas
(adjusted RR 1.90, 95% Cl 1.42-2.52) and those living in neigh-
bourhoods of the lowest income quintile (adjusted RR 1.81, 95%
Cl1.48-2.22).

Sensitivity analysis

The relative change in observed versus expected rates of hos-
pital admissions was similar but less pronounced when we
used monthly data from January 2013 rather than January
2017 (adjusted RR 1.25, 95% Cl 1.12-1.39) (Appendix 1,
eTable 11, and Appendix 2, Supplemental Figure 1, available at

www.cmaj.ca/lookup/doi/10.1503/cmaj.230127/tab-related
-content). The observed and expected rates of emergency
department visits did not differ significantly (adjusted RR
1.01, 95% CI 0.94-1.09), although, for both outcomes, the
model fit was better with the more recent baseline.

When restricting analysis to the first emergency department
visits and hospital admissions for self-harm, the relative change
in observed versus expected rates was also similar to the main
analysis (Appendix 1, eTable 12 and Appendix 3, Supplemental
Figure 2, available at www.cmaj.ca/lookup/doi/10.1503/
€maj.230127/tab-related-content).
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Figure 1: Observed and expected visit rates of (A) emergency department (ED) visits (per 1000 population) and (B) hospital admissions (per
10000 population) for self-harm among children and adolescents aged 10-17 years from Jan. 1, 2017, to June 30, 2022, in Ontario, Canada. Vertical

dashed line represents onset of COVID-19 pandemic restrictions.
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Monthly rates of emergency department (ED) visits for self-harm from Jan. 1, 2017, to June 30, 2022, in Ontario, Canada, stratified by (A) sex
(male and female), (B) age group (10-13 yr and 14-17 yr) and (C) mental health service use (new and continuing). Vertical dashed line represents onset

of COVID-19 pandemic restrictions.
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Monthly rates of hospital admissions for self-harm from Jan. 1, 2017, to June 30, 2022, in Ontario, Canada, stratified by (A) sex (male and

female), (B) age group (10-13 yr and 14-17 yr) and (C) mental health service use (new and continuing). Vertical dashed line represents onset of COVID-19

pandemic restrictions.

Figure 3
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Interpretation

In this population-based study of children and adolescents aged
10-17 years in Ontario, Canada, we observed a 29% increase in
emergency department visits and a 72% increase in hospital
admissions for self-harm during the COVID-19 pandemic, com-
pared with expected rates. Although the absolute increase was
small, the period with the greatest observed increase occurred in
the latter half of the study period, well after the return of most in-
person activities. Sensitivity analysis with a longer prepandemic
period no longer showed a difference in the observed versus
expected rates of emergency department visits, but the overall
adjusted RR for hospital admissions was significant, which speaks
to the robustness of this particular finding. Furthermore, the
monthly rates of emergency department visits have been consist-
ently higher than expected since March 2021. We observed
marked sex- and age-specific patterns in acute care presentations
for self-harm, wherein rates of emergency department visits and
hospital admissions were higher than expected among females,
especially those aged 10-13 years, a finding not observed among
males of similar age. Younger adolescent females also constituted
the largest group of new mental health service users accessing
acute care for self-harm, with a sustained increase in hospital
admissions from as early as the spring of 2020.

The increase in acute care visits for self-harm is consistent
with data from the US® and France® but differs from the decline
in emergency department visits for self-harm among older ado-
lescents and young adults in Ontario during the first 15 months
of the pandemic that was reported previously.® Beyond differing

Rate of ED visits

methods and a longer follow-up period, the difference may be
partly owing to the younger cohort in our study, who have less-
developed coping strategies®®>! and who experienced one of the
longest pandemic-related school closures in North America.?5%
Studies cannot feasibly evaluate the causal link between pan-
demic restrictions and self-harm among children and adoles-
cents,> and many factors are at play,* but findings may reflect
the prolonged and cumulative effects of pandemic-related stress-
ors on this younger age group such as social isolation, loss of rou-
tines, missed milestones, changing learning environments, famil-
ial stress, inadequately treated psychiatric conditions, substance
misuse or changing patterns of mental health service use at a crit-
ical point in their developmental trajectory.**¢ Pandemic-
related disruptions — such as limited access to primary care and
community mental health services, staff absenteeism and
redeployment of allied health professionals — are other possible
contributors.*” It is unclear if this trend will persist beyond 2022,
but findings from the first 2 and a half years of the pandemic
reflect the complexities and long-term pandemic-related stress
among children and adolescents.

The patterns of self-harm observed among adolescents echo
previous findings from Canada,® the US,®%® Australia®® and other
countries,!®%6! and indicate that adolescent females may have
been disproportionately affected by the pandemic.’*1"%2 Although
more research is needed, sex- and gender-specific stressors may
be associated with the pandemic such as a differential or gen-
dered response to less in-person contact with peers and social
networks,% cessation of in-person mental health support ser-
vices, more time on social media%® — which may present more

per 1000 population
Group Observed Expected RR (95% CI)
Any mental health care |
Females, aged 10-13 yr 0.21 0.13 1.59 (1.26-2.02) D
Females, aged 14-17 yr 0.75 0.57 1.32 (1.19-1.46) | MM
Males, aged 10-13 yr 0.02 0.03 0.84 (0.50-1.43) '—.—:—'
Males, aged 14-17 yr 0.14 0.14 1.03 (0.85-1.25) l—lh—i
New to mental health care E
Females, aged 10-13 yr 0.06 0.03 1.62 (1.04-2.53) ——
Females, aged 14-17 yr 0.12 0.09 1.37 (1.06-1.76) | ——
Males, aged 10-13 yr 0.01 0.01 0.96 (0.36-2.58) i
Males, aged 14-17 yr 0.03 0.03 1.11 (0.75-1.64) ——
I

Continuing mental health care |
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Figure 4: Rate ratio (RR) of emergency department (ED) visits for self-harm during the COVID-19 pandemic by any, new, or continuing mental health

care and age and sex group. Note: Cl = confidence interval.
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Rate of hospital admission
per 10 000 population

Group Observed Expected RR (95% Cl)
Any mental health care |
Females, aged 10-13 yr 0.60 0.33 1.84 (1.12-3.02) E ——
Females, aged 14-17 yr 2.03 1.16 1.76 (1.43-2.17) X i
Males, aged 10-13 yr 0.04 0.03 1.51(0.31-7.39) . : L |
Males, aged 14-17 yr 0.37 0.28 1.31(0.86-2.00) ——

|
New to mental health care |
Females, aged 10-13 yr 0.17 0.05 3.50 (1.32-9.30) E ' L i
Females, aged 14-17 yr 0.34 0.20 1.69 (1.02-2.82) —.—
Males, aged 10-13 yr* E
Males, aged 14-17 yr 0.08 0.05 1.80 (0.72-4.50) — L {

|
Continuing mental health care |
Females, aged 10-13 yr 0.43 0.30 1.45(0.81-2.62) I—E—I—i
Females, aged 14-17 yr 1.70 0.96 1.77 (1.41-2.23) -
Males, aged 10-13 yr* E
Males, aged 14-17 yr 0.29 0.24 1.20 (0.75-1.93) —

|

025 o5 1 2 4 8

RR (95% CI)

Figure 5: Rate ratio (RR) of hospital admissions for self-harm during the COVID-19 pandemic by any, new, or continuing mental health care and age and
sex group. Note: Cl = confidence interval. *Model could not converge because of small number of events.

opportunity for social comparison®-% — and access to online
communities that perpetuate self-harm contagion.%-"

Findings from this study should be interpreted in the context of
well-established sex differences in psychiatric epidemiology among
youth, including the preponderance of depression,>™ higher
reported prevalence of self-harm™7 and more suicide attempts and
mental health service use among adolescent females,””® all of
which were trending upward before the pandemic.®%* Indeed,
younger females were the largest group of new users of acute men-
tal health services in this study, which speaks to their baseline vul-
nerability. Similarly, older adolescent females with past or current
use of mental health services, and therefore at higher risk of self-
harm, had the largest increase in hospital admissions, which sug-
gests severity of pathology. Taken together, the interaction of
pandemic-associated stress with pre-existing risk factors could have
shifted the tendency toward self-harm among young females.
Lower rates of acute self-harm among adolescent males may not
imply less need for mental health support. Males exhibit less health
care-seeking behaviour than females,® especially for mental health
difficulty.®” Adolescent males may use coping mechanisms with less
potential for a hospital visit, such as avoidance or distraction with
video games,®% or reward-seeking behaviour with gambling.%!

Limitations

Although we adjusted for several important covariates, resid-
ual confounding through unmeasured factors, such as family
or interpersonal conflict, may have contributed to the
observed results. This study also does not capture the com-
munity prevalence of self-harm that did not require acute
hospital-based care®? and likely underestimates the extent of
the problem. Erroneous coding of intentional self-harm as
unintentional may have also contributed to underestimates of
self-harm.®® Although sensitivity analysis suggested that sub-
sequent visits did not inflate findings, this study was not
designed to focus on frequent users of acute care for self-
harm; this is a high-needs subgroup that merits targeted
study. We also did not explore patterns of acute mental health
service use for self-harm over the pandemic according to diag-
nostic group. Clinical thresholds for hospital admission for
self-harm could have varied depending on the pandemic wave
and hospital-specific factors. Data on race and ethnicity were
not available in existing data sets, which precluded conclu-
sions related to these variables. Finally, this study described
data until June 2022; therefore, longer-term trends have not
yet been studied.
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